A basic feature of the host-parasite relationship in brucellosis is the intracellular localization of Brucella in the tissues of animals and man (1) (2) (3) (4) (5) (6) . This intracellular parasitism is a contributing factor in the tendency of the disease to become chronic. Experimental studies have shown that intracellular Brucella organisms are afforded protection against antibiotics, and also against the lethal action of serum (7, 8) . Brucella organisms in an extracellular position are readily destroyed by antibiotics, and by fresh serum. Prompt elimination of Brucella from the tissues of the host appears to depend, in part at least, upon dislodging the bacteria from their intracellular localization. The report on experimental tuberculosis by Hart and Rees (9) suggested that the host-parasite relationship in brucellosis could be disrupted by cortisone, and Brucella organisms would then be liberated from the cells of the host. The pathogenesis of brucellosis simulates that of tuberculosis in many respects. Of primary importance is the tendency of both tubercle bacilli and Brucella to localize in macrophages. Hart and Rees (9) demonstrated that cortisone enhanced both acute and chronic tuberculosis in mice. There was more dissemination of the infection in the cortisonetreated animals; the individual lesions showed more necrosis and caseation, and contained many more tubercle bacilli than were found in the non-treated control animals. Contrary to expectations, preliminary observations revealed that cortisone caused a marked proliferation and dissemination of Brucella organisms in animals with acute brucellosis, but the steroid did not provoke any demonstrable changes in the animals with chronic infections (10). The present studies also provided information for investigations on the influence of adrenocorticotropic hormone in human subjects having acute or chronic Brucella infections.
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METHODS OF STUDY
The effect of cortisone on experimental acute and chronic brucellosis was studied in mice, guinea pigs, and rabbits. Infections were established with a representative strain of Brucella aborts, Brucella suis, and Brucella melitensis, all of which had been isolated from human sources. White male mice weighing approximately 20 gm. were used. The guinea pigs were all males and averaged 300 gm. in weight, while white male rabbits weighing around 2 kg. were studied. An animal was considered to have had an acute infection when but five to 15 days had elapsed from the time the bacteria were first introduced. A chronic infection was indicated when a month or more had elapsed. A suspension of cortisone, containing 25 mg. per ml., was injected intramuscularly into the thighs, alternating sides from day to day. Sterile physiologic saline solution was injected into control animals. Two different dosage schedules were employed in the animals with acute infections. Under the first schedule, cortisone was administered for three to five days prior to the establishment of infections, and then for five days to two weeks afterwards. Animals were pretreated with cortisone in a manner similar to that of Mogabgab and Thomas (11) , who reported that rabbits were more susceptible to infections with group A hemolytic streptococci when pretreated with cortisone. The second schedule of cortisone therapy was started simultaneously with the infection and treatment carried out for two weeks. In the chronically infected animals, cortisone was administered for five days to two weeks.
At the completion of treatment in each group, all of the animals were sacrificed with chloroform. Fortyeight hours prior to death in the guinea pigs and rabbits Brucella antigen (Brucellergen) was introduced intradermally on the abdomen and evidence of a skin reaction ascertained at the time of sacrifice. Each guinea pig was given 0.15 ml. of Brucellergen and each rabbit 0.1 ml. of Brucellergen. Blood from the hearts was obtained for cultural purposes and for Brucella agglutination tests.
Trypticase-soy broth 1 was used for blood cultures. were seen, and then only after considerable searching. When bacteria were present they were observed in the individual lesions, and none were seen in the parenchymal cells. In the uninfected cortisone-treated controls, bacteria were seen only in the abscesses. There was no essential difference noted in the gross and microscopic appearance of the spleens from the Brucella-infected mice treated with cortisone or with saline solution. The extensive hepatic involvement was absent.
RESULTS

Influence
Because a pretreatment dose of 1 mg. of cortisone daily for five days proved to be too large, smaller doses of 0.5 and 0.25 mg were administered daily, but even these doses proved too large since the animals died before the expiration of the two weeks' period of treatment. It was then decided to reduce the pretreatment time from five to three days in a group of mice infected with Brucella, giving 0.5 mg. of cortisone daily for three days. This schedule also resulted in the premature deaths of the animals. The data of this experiment are presented in Table I , B. Br. suis was recovered from the heart's blood of all the sacrificed, infected animals. It is to be noted that the spleens of the cortisone-treated animals were three times smaller than those that had received saline solution, but the spleens of the animals that had received 0.5 mg.
of cortisone were twice as large as the spleens of the mice given 1 mg. of cortisone daily. Abscesses were noted in the spleens and livers of the cortisone-treated group, and many more colonies of Br. suis were recovered from the organs of these animals than from the saline-treated group. The extent of liver injury was less in the group of animals receiving 0.5 mg. of cortisone daily than in those treated with 1 mg. daily. Though there was more cellular infiltration in the cortisone-treated than in the saline-treated group, extensive hepatic necrosis and marked reproduction of brucella cells were absent.
Since the administration of cortisone to mice was uniformly associated with a marked diminution in the size of the spleen, this gave rise to speculation concerning the effect of cortisone on the course of brucellosis in splenectomized mice. Nine healthy mice splenectomized more than a year previously were available for study. Five were pretreated for five days with 0.5 mg. of cortisone daily, and four received saline solution. After infection with Br. siis, treatment was continued for six more days and the animals were sacrificed. The results are presented in Table I , C. Brucella organisms were recovered from the heart's blood of all nine animals, and more colonies were isolated from the livers of the cortisone-treated animals. Microscopically, the liver, kidneys, and lungs from all the splenectomized mice showed much more extensive involvement by Brucella than has been described elsewhere for intact animals (16 of the heart's blood remained sterile, brucella organisms were recovered from the livers and spleens with more colonies being isolated from the cortisone-treated group. There was no essential difference in the brucella lesions noted in the two groups, except in two animals infected with Br. suis. In the livers of the saline-treated animals, small granulomas without necrosis were observed. whereas in the cortisone-treated animals many more lesions were seen and necrosis was apparent.
A larger number of guinea pigs were then pretreated with cortisone and infected with Br. siuis. The results are found in Table II , B. The skin of none of the animals reacted to the intradermal injection of Brucella antigen. Brucella organisms were recovered from the heart's blood of the three surviving cortisone-treated animals, and from three of five saline-treated guinea pigs. Agglutinins were present in all the animals, there being no difference between the two groups. The spleens of the cortisone-treated animals weighed considerably less than the saline-control group. Brucella cells were uniformly isolated from the organs of all the animals sacrificed. More colonies were found in cultures from the cortisone-treated group.
Cultures of. the organs of those animals that died were overgrown with coliform bacteria. Microscopically, the livers and spleens revealed no difference between the two groups of animals in the number, size, and type of lesions and there was no difference in the number of organisms.
Rabbits. In an exploratory type of experiment with each of the three species of Brucella, similar to that carried out with guinea pigs, one in each of three pairs of rabbits was pretreated with 12.5 mg. of cortisone daily for five days, infected, and then treated for an additional five days. The other infected animal in each pair was treated with saline solution. The results are summarized in Table III , A. The intradermal reaction to Brucella antigen was positive in the three saline-treated rabbits, but only slightly positive in one of the cortisone-treated animals and absent in the other two. There was also a significant reduction in the agglutinin titer of the cortisone-treated animals compared to those receiving saline solution. The weight of the spleens was markedly reduced in the cortisone-treated group. Cultures of the organs from all the rabbits yielded Brucella, with more colonies from the cortisone-treated animals. The only significant changes in the tissues occurred in the livers. In the saline-treated group, there were small granulomas without necrosis, but in the cortisone-treated rabbits the number of lesions was not only increased, but considerable necrosis of the hepatic cells with an infiltrate of polymorphonuclear neutrophiles was apparent (Figure 3 ). Bacteria were seen only in the hepatic lesions of the Table IV , B. The mean survival time of the cortisone-treated, infected animals was nine days, whereas that of the cortisone controls was 11 days. All the animals receiving saline solution survived the planned period of two weeks with therapy. An attempt was made to obtain blood cultures from tach animal toward the end of the period of treatment by clipping the tail and allowing one or two drops of blood to fall on an agar plate. Only one positive blood culture was obtained-from a cortisone-treated animal from which Br. abortus was recovered. At the time the animals were sacrificed, an endeavor was made to obtain sufficient blood for the agglutination reaction and for blood cultures. No agglutinins were demonstrated in the bloods of two cortisonetreated animals, while four of nine mice that had received saline solution showed a mean titer of 1 to 320. The heart's blood of one cortisone-treated animal was cultured and yielded no Brucella organisms, whereas colonies of Brucella were recovered from one of the eight saline-treated mice. The mean weight of the spleens of the infected cortisone-treated group was considerably less than the saline-treated mice. Cultures of the organs for Brucella were positive in three of the cortisonetreated group; two of the animals having positive cultures from both the livers and spleens, and one from the spleen alone. In the saline-treated group, Brucella was isolated from only the livers of two of the animals. Various coliform organisms were recovered from the organs of the uninfected cortisone-treated controls. There was no difference in the appearance of the splenic and hepatic lesions in either the cortisone-treated animals or in the saline group. Very few hepatic lesions were found in any of the animals, regardless of the type of therapy. When lesions were present, they consisted of small granulomas composed of mononuclear and epithelioid cells, but without giant cells, necrosis or polymorphonuclear leukocytes.
Each spleen from the infected animals contained giant cells and a reduced number of germinating follicles, which varied from animal to animal, but there was no correlation between the appearance of the lesions and the type of therapy.
Guinea pigs. Three pairs of guinea pigs were infected intraperitoneally with approximately one billion Brucella cells; one pair receiving Br. suis, one pair Br. imelitensis, and one pair Br. abortits. One month later, one animal in each pair was treated with 10 mg. of cortisone daily for 14 days, and the three control animals were given saline solution. Just prior to starting therapy, and at the conclusion of five days of treatment, blood was obtained from each animal by cardiac puncture for cultures and for agglutination tests. Table V summarizes the results of this experiment. There was no essential difference in the results of blood cultures obtained before and after treatment with either cortisone or saline solution; nor was there any significant difference in the agglutinin titers. The skin reaction with Brucella antigen was less in the cortisone-treated animals. The weights of the spleens from the animals that had received cortisone were less than the saline-treated controls, but the differences were not so great as observed in the animals having more acute infections and treated with cortisone (see Table II , A and II, B). Brucella organisms were recovered from the livers and spleens in two out of the three cortisonetreated animals, and from the organs of all three saline-treated controls. There was no significant Rabbit. Three pairs of rabbits were infected intravenously with about one and one-half billion Brucella organisms. One pair received Br. inelitensis, one pair Br. suis, and one pair Br. abortus. One month later three animals were given 12.5 mg. of cortisone daily for 14 days, and three received saline solution. Skin tests performed just before the animals were sacrificed resulted in smaller nodules and less edema in the cortisone-treated rabbits than in the saline-treated controls. Blood obtained by cardiac puncture just before instituting treatment and at the time of sacrifice did not show any significant difference in the blood cultures and agglutination tests in the two groups of rabbits (see Table VI , A). The average weights of the spleens of the cortisone-treated animals were definitely less than the saline-treated controls. Cultures of the livers and spleens from the animals that had received cortisone did not reveal any Brucella, whereas these organisms were cultured from the livers of two of three salinetreated rabbits and from the spleen of one. A very few hepatic lesions were noted microscopically, but there was no difference in the appearance of the lesions in the cortisone-treated and saline-treated animals.
In another experiment with rabbits, animals were treated that had been infected for four months. Infection was established by the intravenous injection of Br. abortus in a total dose of 18.75 billion organisms given in five divided doses. Three of the animals were given 12.5 mg. of cortisone daily for 14 days, and one was given 0.5 ml. of saline solution for the same period. The results are presented in Table VI In contrast to the effect of cortisone in acutely infected animals, the steroid failed to disturb significantly the host-parasite balance in the chronically infected animal. Protection of the animal with chronic disease against cortisone may have been afforded by an acquired immune mechanism against Brucella. This immunity could have prevented the multiplication of Brucella and caused the intracellular localization of the remaining organisms. While the administration of cortisone could result in the liberation of the intracellular organisms, an efficient humoral immunity would prevent the multiplication of the Brucella and invasion of other cells of the host.
Hypersensitivity, as measured by the skin reaction with Brucella antigen, was suppressed in the guinea pig and rabbit by cortisone. Suppression of skin reactions in other infections by cortisone and ACTH has been observed (19) (20) (21) . Cortisone did not appear to cause a consistent change in the titer of Brucella agglutinins, nor did cortisone prevent the appearance of agglutinins in acutely infected animals. Neither ACTH nor cortisone interfere with the production of pneumococcic antibodies (22, 23) .
One of the consistent side effects of cortisone was the diminution in the size of the spleen in the cortisone-treated animals as compared to the saline-treated group. In a previous study in mice by Braude and Spink (24) it was demonstrated that the spleen apparently protects the liver against Brucella. The hepatic lesions in splenectomized mice were more widespread than in infected control animals with spleens. In the present study, cortisone did not enhance the damage to the liver in splenectomized mice, as compared to the salinetreated animals. 
